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ABSTRACT
It is shown that a perturbative treatment of nonabelian Debye screening at high
temperature suers from infrared problems already at the next-to-leading order,
which is given by ring-resummed one-loop diagrams. Supercial infrared power
counting would let one expect a sensitivity to the magnetic mass scale only at
higher orders, but the form of Debye screening depends on the analytic structure
of the correlation functions, which is strongly sensitive to the existence of screening
of static magnetic elds.
1. Introduction
High-temperature gauge theories
1
become increasingly complicated as the in-
frared regime is approached. At the momentum scale gT , where g is the coupling
and T the temperature, the spectrum of the theory begins to deviate considerably
from the one of the free theory. Gauge bosons as well as fermions acquire new, collec-
tive degrees of freedom described by the gauge-invariant (nonlocal) eective action
generated by the so-called \hard thermal loops" (HTL)
2;3
, the high-temperature
limit of all one-loop Feynman diagrams proportional to T
2
. The resulting leading-
order dispersion laws of the quasi-particle excitations can be understood in classical
terms
4;5
, but already at next-to-leading order the dispersion laws receive contribu-
tions from all orders of the conventional perturbation series. In order to restore
perturbation theory it is necessary to resum all HTL corrections
3
, and in this way
some corrections to the HTL dispersion laws have been obtained
6;7;8
. However, in
nonabelian theories, the restitution of perturbation theory is not complete. Static
chromomagnetic elds are not screened at the HTL level, and the self-interactions
of these lead to a breakdown of perturbation theory at a certain loop order. In
particular, the magnetic screening mass, which is expected to arise at the order
g
2
T , is not calculable in perturbation theory
9;10
; HTL resummation does not help
in this respect.

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On the other hand, HTL resummation should allow one to calculate corrections
to the classical chromoelectric (Debye) screening mass m
0
, which is of the order gT ,
to wit,
m
2
0
=
e
2
T
2
3
(1)
with e
2
= (N +N
f
=2)g
2
for color group SU(N) and N
f
avors. Upon HTL resum-
mation, perturbation theory is organised in powers of g rather than g
2
, and the rel-
ative order g correction is determined by resummed one-loop diagrams. According
to supercial infrared power-counting
1
, problems coming from the perturbatively
vanishing magnetic mass would be expected to set in at two-loop order.
In this note, I shall demonstrate, however, that already the next-to-leading order
term of the resummed perturbation theory is crucially sensitive to the magnetic mass
scale.
2. The electrostatic gluon propagator at resummed one-loop order
In momentum space, the `electrostatic' gluon propagator is given by
D
L
(k) =
1
k
2
+
00
(k
0
= 0; k)
(2)
and its Fourier transform (r) determines the chromoelectric eld induced by a
single external (conserved) source J through
hE
i
(x)i =
@
@x
i
(jxj); (3)
where we have suppressed all color indices. Despite the nonabelian nature, this is
an exact result of linear response theory
11
, since with only one direction in color
space introduced by the single source J , the gauge potentials all point in the same
direction, which eliminates the nonabelian commutator terms trivially.
At high temperature, the leading contribution to 
00
(k
0
= 0; k) equals the con-
stant m
2
0
of Eq. (1), and (r) / e
 m
0
r
=r. However, beyond leading order 
00
is a
gauge xing dependent quanitity. At one-loop resummed order one obtains
12;13
in
covariant gauges with gauge parameter 

00
(0; k) = m
2
0
+
g
p
3N
0
m
2
0
2
"
m
2
0
  k
2
m
0
k
arctan
k
m
0
+
  2
2
#
+O(g
2
); (4)
where N
0
= N=(1 +
N
f
2N
). Computing the Fourier transform of D
L
(k) with the thus
corrected gluon self-energy, one nds a surprising behavior
14
: (r) has the form of a
Yukawa potential multiplied by an oscillating function which approaches a negative
value asymptotically. Its details are gauge parameter dependent except for the
screening mass which characterises the exponential decay for very large distances,
which is still given by m
0
.
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Figure 1: The analytic structure of D
 1
L
 k
2
+
00
(0; k) in units where 1 = m
0
and
with coupling t  g
p
3N
0
=8 = 0:25. The full line corresponds to <eD
 1
L
= 0 and
the dashed one to =mD
 1
L
= 0. The latter extends to all of the real and imaginary
axes except for the thick part of the imaginary axis which marks the location of the
branch cut. The intersection of the full and the dashed line corresponds to a pole of
D
L
and is located at k=m
0
 1:208 + 0:313i.
The reason behind this peculiar result is displayed in Fig. 1, where the analytic
structure of D
 1
L
(k) is rendered for t  g
p
3N
0
=8 = 0:25 and gauge parameter  = 1.
Shown is the rst quadrant of the complex k plane; the others are given by reection
on the real and imaginary axes. At leading order,D
L
(k) was determined by a simple
pole at k=m
0
= i, but including the next-to-leading order,D
 1
L
no longer has a simple
zero there, but a logarithmic branch singularity followed by a branch cut from i to
1. The original zero of D
 1
L
, however, still exists: it has moved to the right (and
also left) of the imaginary axis. With the above parameters, the corresponding
poles of D
L
contribute to  a term proportional to cos(0:313x)e
 1:208x
=x, where
x  rm
0
. There is, however, also the contribution from the cut, which adds a term
 f(x)e
 x
=x with a strictly positive function f , so that asymptotically, for very large
x, the behavior is that of a repulsive Yukawa potential with screening mass m
0
.
However, the singularity of the next-to-leading correction to 
00
(0; k) at k =
im
0
indicates a breakdown of perturbation theory in the vicinity of these points
in momentum space, for there the correction term becomes larger than the supposed
leading one. In Ref.
13
I have pointed out that this singularity might be cut o by
a nonvanishing magnetic mass. Indeed, introducing a small magnetic mass changes

00
(0; k) signicantly around k = im
0
. Denoting the magnetic mass by m
m
and
3
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Figure 2: As in Fig. 1, but with a nite magnetic mass m
m
= 0:25m.
the full Debye mass by m, 
00
becomes

00
(0; k) = m
2
0
+
g
p
3N
0
m
0
2

 
1
2
m 
1
2
m
m
(5)
+
1
k
(m
2
 
1
2
m
2
m
  k
2
) arctan
k
m+m
m
+

k
2
+m
2
 n
k
2
+m
2
m
2
m
k

arctan
k
m+
p
m
m
  arctan
k
m+m
m

+ (
p
  1)
1
m
m
o

;
where m
m
has been introduced in a gauge-invariant manner by mimicking the Higgs
mechanism
15
. Since the branch singularity now has moved to k = i(m+m
m
), one
can use a self-consistent denition of the Debye mass through
m
2
= 
00
(0; k)



k
2
= m
2
; (6)
which restitutes a pole at purely imaginary k = im. From (6) one nds that the
massm thus dened is gauge parameter independent, and is given bym
2
= m
2
0
(1+)
with
13
 
m
2
m
2
0
=
p
3N
0
g
2

ln
m
m
m
+ ln 2 
1
2

+O(g
2
): (7)
The full analytic structure of D
 1
L
(k) following from (6) is given in Fig. 2 for the
same parameters as in Fig. 1, but now with nonvanishing m
m
=m = 0:25. The lines
<eD
L
= 0 and =mD
L
= 0 no longer intersect at complex values of k, but only on
4
the imaginary axis. There is also a gauge dependent zero very close to the branch
singularity, but the dominant singularity in D
L
is the one at k = im. Thus (r)
no longer changes sign but decays exponentially for large x with gauge independent
screening mass m.
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